Abstract Two large but separate bodies of literature analyze the economic effects of international trade and immigration. Given that several factors affect both trade and migration flows, the previous studies potentially suffer from omitted-variables bias. This paper provides estimates of the effects of trade and immigration on income in a unified framework. We also provide a useful decomposition of the channels at work. We assemble panel data on immigration flows, output, employment and capital stocks for 30 OECD countries over the period 1980-2007. In order to identify the causal effects of trade and immigration we extend the gravity-based approach in Frankel and Romer (Am Econ Rev 89(3):379-399, 1999). Our predictors for trade and immigration flows are based on geography and the demographic trends of each country's trade and migration partners. Our estimates suggest that immigration and trade do not have a significant effect on income per capita in the short run. However, this masks offsetting effects. Trade openness appears to reduce capital intensity but increase TFP. This is consistent with an increase in the degree of specialization in knowledge-intensive industries for OECD countries. In the case of immigration we find that it leads to an increase in the employment rate of the receiving economy but, at the same time, it appears to reduce TFP.
Introduction
Economists believe that an important part of the economic success of countries is driven by their openness to ideas, investment, capital and labor from the rest of the world. Open economies enjoy the benefits from new ideas and goods, greater competition and access to skills and talents beyond those already within their borders. All these forces can potentially fuel economic growth. However, exposure to competition from the rest of the world may also have negative effects on subsets of the population. Globalization of trade flows is often blamed for the off-shoring of manufacturing jobs, employment losses in previously protected industries, and downward pressure on the wages of low-skill workers in rich countries. Likewise greater openness to immigration is often seen as a threat to the labor market outcomes of domestic workers.
The literature on the economic effects of globalization has evolved along separate branches regarding the effects of greater openness to trade and migration flows. The trade literature has focused on quantifying the gains from trade and its channels. To mention but a few, Coe and Helpman (1995) examined the role of international trade as a vehicle of knowledge diffusion. Feenstra and Hanson (1999) investigated the effects of trade on wages. Frankel and Romer (1999) and Alcalá and Ciccone (2004) analyzed the effects of trade openness on economic growth and aggregate productivity. In comparison, the immigration literature has concentrated mainly on the labor-market effects, with an emphasis on the outcomes of low-skill native workers (e.g. Card 2001; Borjas 2003, and many others.) . Only a few papers have considered openness to trade and migration within the same framework. Specifically, Borjas et al. (1997) used the factor proportions model to evaluate the joint effect of trade and migration on factor prices. More recently, Ottaviano et al. (2013) have analyzed the employment effect of hiring immigrants and off-shoring jobs on native employment in the context of many productive tasks.
This paper seeks to contribute to the literature on the aggregate economic effects of openness by extending the empirical framework in Frankel and Romer (1999) by including openness to immigration in addition to trade openness and by exploiting longitudinal variation.
1 Considering these two dimensions of openness jointly is potentially crucial for the analysis as migration and trade are very highly correlated and often driven by the same determinants. Yet, immigration and trade policies in most countries are rather different from each other. Empirical studies that only consider one dimension of openness are thus vulnerable to a potentially serious omitted variable bias. Moreover trade flows are increasingly associated and tied with off-shoring and re-importing of intermediate goods (hence with capital movements) and migration, especially those of highly educated, are associated with transfers of knowledge and human capital. Hence these two flows capture most of the relevant circulation of ideas and technology that has been unleashed in the era of globalization. From a policy point of view, it is crucial to know whether the employment and productivity effects of openness are mainly driven by immigration or by trade since the policy implications are vastly different. This paper aims at separately identifying the economic effects of these two dimensions of openness.
Our analysis also decomposes the overall effect of openness on output into several components: labor intensity (measured by employment rate), capital intensity (measured by capital per worker), and technology and production efficiency (measured by total factor productivity). This decomposition is useful because it allows us to evaluate the relevance of different channels through which economies adjust to increases in economic openness. As discussed earlier, there are multiple channels through which trade flows can affect income. This is also the case for immigration, as highlighted by the large number of recent contributions to this question. For instance, immigration may affect aggregate income through its effects on native workers' employment and wages, as in Borjas (2003) , Manacorda et al. (2012) Ottaviano and Peri (2012) , or Chassamboulli and Palivos (2010) . Immigration may also alter the receiving economy's industrial and occupational composition (e.g. Cortés and Tessada 2011; Farré et al. 2011; Frattini 2010; Peri and Sparber 2009) , or the relative capital-labor intensities and production technologies at the industry or firm level (Lewis 2005; González and Ortega 2011; Dustmann and Glitz 2010) . While there is some evidence that all these channels are at work, their relative importance has not yet been explored. Our results are helpful in this respect because some of these mechanisms will induce changes in labor intensity, while others will mostly operate through changes in capital intensity or total factor productivity.
Obviously, economic development is a cause as well as a consequence, of immigration and trade. Hence, uncovering the causal effects of openness to international trade and migration is not a trivial task. Building on Frankel and Romer (1999) , we exploit the fact that countries differ in their geographic location and in the demographic trends of their trade partners and migrant-sending countries. This allows us to construct predictions for openness to trade and migration that can be considered exogenous to country-specific unobserved determinants of income growth. Our predictors are based solely on the demographic trends of partner countries and on geography. As long as these variables are not directly causing economic growth in the destination countries our exclusion restriction will be satisfied. Furthermore we also argue that our instrumental-variables strategy allows us to separately identify the causal effects of trade and immigration. This paper also contributes to the literature by providing a new migration dataset with a larger coverage in terms of years and countries than used in previous studies. We assemble annual data on bilateral trade and migration flows into 30 OECD countries originating from all countries in the world for the period 1980-2007. Our bilateral migration data is the result of merging several sources (United Nations, OECD Migration database and Mayda 2010), imputing some missing values, and homogenizing definitions. 2 We have also conducted numerous consistency checks. The bilateral trade data are taken from the International Monetary Fund (2007) revision and include trade between the OECD countries and 190 partners in each year (with some missing in the years before 1989) beginning in 1980. Our dataset also contains income per person, employment, population and capital stocks for all OECD countries for 1980-2007. These data allow for a joint analysis of the effects of trade and migration on income both in the short run (annual) and in the medium run (4-year periods) on a sample of countries that accounts for a very large share of world trade and migration over our period of interest. We also note that by restricting our analysis to OECD destination countries we reduce the likelihood that differences in the quality of institutions or other unobserved factors may operate as confounding factors.
Our analysis is closely related to Frankel and Romer (1999) but differs from it in several important aspects. As noted already, our main specifications feature both trade openness and immigration rates as regressors. Second, we exploit both the cross-sectional and longitudinal variation of the data, which allows us to estimate specifications that account for all time-invariant determinants of income.
3 Third, we explicitly consider the effect of globalization on employment-population ratios, capital intensity and TFP. The first is particularly important since in the presence of labor market rigidities it may well be the case that globalization has important effects on employment (rather than output per worker) in the short and medium run.
Our analysis delivers three main results. First, our instrumental-variables estimates confirm the findings in Frankel and Romer (1999) in the specifications that feature trade openness only as a regressor (that is, omitting immigration). Namely, trade openness has a positive and significant effect on income per capita, already in the short run, arising mainly from a large positive effect on the employment rate. Second, when we consider the analogous specification for immigration (that is, not including trade openness) we obtain very similar results. Immigration is associated with a shortrun increase in income per capita driven mostly by an increase in the employment rate. However, when we include both trade openness and immigration (whose bilateral flows are highly correlated) as regressors the pattern of estimates changes significantly, indicating an important omitted variable bias in the previous estimates.
Our instrumental-variables estimates of the econometric models accounting jointly for trade and immigration suggest that neither have a clear short-run effect on income per capita. However, this finding masks a composition effect. Trade openness appears to increase TFP but, at the same time, is associated to reductions in capital intensity. Likewise immigration seems to reduce TFP but this is offset by a substantial increase in the employment rate. These patterns are robust to restricting our analysis to a subsample for which we have higher quality data, to using a subsample with a more balanced bilateral panel, to considering 4-year (rather than annual) differences, and to taking into account out-migration.
We interpret the diverging effects of trade and immigration on TFP as follows. Trade openness stimulates TFP growth by inducing a relocation of factors across industries and firms leading to gains in production efficiency (as in Melitz 2003) or by allowing OECD countries to further specialize and exploit their comparative advantage in knowledge-intensive industries. On the other hand while immigration stimulates employment growth by providing skills complementary to those of natives (as in Manacorda et al. 2012; Ottaviano and Peri 2012; Cortés and Tessada 2011) , TFP may fall if the new jobs are disproportionately in the service sector or if firms are paying the new workers below their marginal product (e.g. Chassamboulli and Palivos 2010; Ottaviano et al. 2013 ). An important caveat is that we are using yearly variation and hence estimating a short-run elasticity. It may take longer for trade and immigration to produce their full effect on productivity and income per capita.
The rest of the paper is organized as follows. Section 2 describes the framework and the empirical specifications that we use to analyze the impact of immigration and openness to trade on economic outcomes. Section 3 describes the data and the construction of the instruments. Section 4 presents the main estimates. Section 5 presents our robustness checks and Sect. 6 concludes.
Empirical Framework
Our simple framework can be described with just a few equations. It is an extension of Frankel and Romer (1999) . We generically represent an economic outcome for country i in year t with x it . In what follows, x it alternatively stands for income per person y it or one of its components, such as its employment-population ratio e it , its capital-labor ratio k it , or its total factor productivity A it In the fashion of the crosscountry economic growth literature, we assume a production function that combines capital and labor in a Cobb-Douglas fashion, with an elasticity of output to capital equal to α. In this case the four outcomes described above are related as follows:
Employment-population ratio e it summarizes the labor intensity, capital per worker k it is the (relative) intensity in the use of capital, and total factor productivity A it is a measure of the quality-efficiency of capital and labor. It is plausible to expect that each of these variables will be affected by the general degree of openness of the economy through the frequency of interactions with foreign economic agents and the resulting exchange of ideas, skills, factors of production, and more intense product-market competition. Building on Frankel and Romer (1999) , we assume that a country's economic outcomes are a log-linear function of its cumulated exposure to international trade. Continued exposure to international trade spreads knowledge, stimulates competition and selects more productive firms. It is, however, important to control for the size of the country. Large countries are more diversified in terms of ideas, skills, and factors of production, which increases the frequency of productive interactions taking place within their borders. We also postulate that the frequency and quality of these economic interactions can also depend on the country's cumulated openness to immigration. 4 More formally,
As noted earlier, x it , the economic outcome of interest for country i in year t, depends on T it , a measure of the accumulated openness to foreign goods (for instance, the stock of imported capital or ideas relative to the total stock), M it is a measure of the accumulated openness to foreign individuals (such as the stock of immigrants as share of the population), and S i captures the size of the country. The term α 0 xt captures the other systematic determinants of the outcome variables and ε 0 it is a mean-zero random variable accounting for random shocks to In x it . In timedifferences, expression (2) becomes
where τ it and m it are flow measures of openness to international trade and international migration, respectively. We proxy these flow measures using exports plus imports as a share of GDP (for τ it ) and the flow of new immigrants relative to the population of the country at the beginning of the year (for m it ). Let us note that these measures of openness to trade and to immigration are relative to the scale of the country (in terms of output or population) because they proxy for exposure to foreign goods and foreign individuals. Note also that the time-invariant measure of country size has been differenced out. Obviously, disturbance ε it has a zero mean as it is the difference between ε 0 it and ε 0 itÀ1 . The main empirical challenge in the estimation of (3) is the potential endogeneity of the exposure to both foreign goods and foreign people, as shocks to economic activity may affect both. Countries that receive positive shocks to income per capita may increase their international trade flows and may also attract more immigrants. To isolate the causal effect of openness to foreign goods and people on a country's economic outcomes we use the fact that openness is also a function of two kinds of external factors: the country's geographic location and the size of its potential (trade and migration) partners. We assume that these factors are uncorrelated with unobserved determinants of economic growth in our country of interest, as given by Eq. (3). More specifically, the time-invariant geographic variables include bilateral distance, common border, colonial ties and common language. The potential partner characteristics we consider are purely demographic (population size and the share of young individuals in the population) and vary over time.
We estimate auxiliary regressions that predict bilateral trade and migration flows using demographic information for the potential partner countries, and bilateral geographic (and cultural) variables. These regressions are closely related to the highly successful gravity equations in the international trade and migration literature, and were recently micro-founded by Anderson and van Wincoop (2003) and Grogger and Hanson (2011) . However, our predictors differ from the standard gravity regressions in one fundamental point. In our bilateral regressions we omit all information regarding the destination country. For instance, we predict the trade (migration) flows between country i and its trading partner j using only the (plausibly exogenous) interactions of the time-invariant bilateral characteristics and the time-varying demographics of country j. Thus, if country i is located near large countries in terms of population it will be predicted to have a high degree of trade (migration) openness.
5
More specifically, we assume that trade openness of country i towards country j is described by:
The dependent variable is the sum of the bilateral trade between the two countries (exports from i to j plus exports from j to i) relative to the destination country's GDP. In the right-hand side, a τ is an intercept, P jt is the population in country of origin j in year t, B ij is an indicator for common border, dist ij is bilateral distance, C ij is an indicator for colonial ties, L ij is an indicator for common language, and e τ t is a zero-mean error term. Similarly we express the openness to migration of country i vis-a-vis j by
The dependent variable is the log of the bilateral (gross) migration flow from country j to country i, divided by the destination country's population. 6 All the right-hand side variables in Eq. (4) are also included here. But, in addition, we include s jt , the share of young people in origin country j in year t. The presence of large cohorts of young individuals in the potential countries of origin is considered 5 In comparison Frankel and Romer (1999) include also the population of the destination country as an explanatory variable for bilateral trade flows. 6 A fully symmetric definition of openness to migration would also include the migration flows from i to j. However, these data are not available for many origin countries. More importantly, for the case of migration it seems clear that inflows are a more important determinant of a country's economic outcomes than outflows and most of the considered OECD countries have a net positive immigration.
as a relevant determinant of migration.
7 Auxiliary regressions (4) and (5) are used to predict bilateral trade and immigration flows. However Eq. (3) calls for destination-country-specific predictions of openness to trade and migration. Accordingly, we aggregate our bilateral predictions over origin countries:
Our key identifying assumption is that the explanatory variables included in Eqs. (4) and (5) are uncorrelated with the error term in Eq. (3). This assumption would be violated by the existence of unobserved factors that simultaneously affect demographics in the origin countries and short-run changes to economic outcomes at destination.
Given that the explanatory variables of our predictors for trade and migration openness are almost identical, separately identifying the roles of the two variables will depend crucially on obtaining meaningful differences between the estimates of vectors
To strengthen identification we have also included the age structure of the population (share of the population with age 15-29) only in the migration predictor. This choice is based on a large body of literature documenting the high propensity to migrate for young individuals (Hatton and Williamson 1998; Hanson and McIntosh 2012) . In contrast, this demographic group is likely to be relatively unimportant in terms of production and trade since a substantial share may be enrolled in school and their workplace experience is still relatively limited.
Bilateral Trade and Migration Flows

Data
To estimate regressions (4) and (5) we use data on bilateral trade and migration flows between all (origin) countries in the world (with available data) and the 30 OECD (destination) countries. Table 10 in the appendix lists the countries covered by our data. It also reports the number of immigration sending countries for which there is non-zero migration for each destination in some representative years. The data are an unbalanced panel beginning in year 1980 and ending in 2007. For a subset of destination countries (14) we have bilateral migration data for the whole period, relative at least to the main countries of origin. Four more countries (France, Luxembourg, UK and Switzerland) have data beginning in the early 1980s (hence no observation in 1980 but several non-zero observations starting in 1983 or 1984). To the contrary, the other countries have a shorter span of coverage for their data. For the shorter period 1998-2007 we have data for many more countries. However, some individual bilateral flows are missing for some years (for instance bilateral data in some destinations are only collected within a sub-period) and some countries do not report all the bilateral flows each year (hence, a smaller number of sending countries is reported in some years). Some countries are particularly limited in terms of identifying immigrants by country of origin. The worst cases are Ireland, which only explicitly identifies migrants from the UK and the USA, and Greece, for which the OECD database contains migration flows exclusively in the year 1998. In general, however, receiving countries tend to consistently report data from all the main sending countries, hence the increase in numbers of zeroobservations in some years is often due to the non-recording of countries with an extremely low number of observations.
Our immigration data measure the yearly inflow of foreign citizens who intend to be residents (at least for some time) in the receiving countries. To span the whole period of analysis, still with some limitations and differences across countries, we have merged bilateral immigration data from three sources. The first source is Ortega and Peri (2009) . The OECD original series were discontinued in 1994 and with the help of Mayda (2010) 8 The latter has the most extensive coverage in terms of destination and sending countries, but it only begins in 1998, and for some destinations it only has few countries as source. We have made sure that the definitions of immigrant are consistent across databases for each receiving country. Essentially, all datasets use as primary sources the original data released by the statistical offices of each receiving country, which try to maintain internal consistency over time. In our checks we often find an exact coincidence of the figures in overlapping periods. Occasionally there are slight differences introducing discontinuities as we merge two series from different sources. In those cases we include a dummy in the regression to account for the possible discrete jump, as we describe below. Table 11 in the Appendix summarizes the availability from each data source by destination country. Specifically, starting with the UN migration data, we have filled in missing origin-destination-year observations from the IMD data. Next, we have used the data in Ortega and Peri (2009) where IMD and UN data were missing. In a limited number of cases we have also interpolated observations. We did this only when a missing data point for a bilateral migration flow was available in both the previous and following years.
The total inflow of immigrants each year for each country of destination constitutes what we call total (gross) immigration. We also constructed a measure of total net immigration for each receiving country, where we correct for the outflow of foreign persons, due to re-migration or return migration. These data have partial coverage as they are only available in the IMD data. We use them to perform sensitivity analysis.
The bilateral trade data in current US dollars are from the IMF, Direction of Trade Statistics (DOT), October 2007 release. 9 This database is a substantial improvement on the previous DOT release (used in Frankel and Romer 1999) . It covers 190 countries (many more than it did earlier) and it has a very accurate coverage of import and export flows especially for the period [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . No other database on trade data has coverage extending to the recent years and covering as many countries (e.g. the UN-NBER trade data collected by Feenstra et al. (1997) 10 ends in 2000, the WTO world trade statistics does not collect data for such a fine breakdown of partners). The measure of openness to trade for each destination country is the sum of imports and exports relative to GDP and is obtained from the Penn World Tables, version 6 .2. The demographic data for the origin countries (total population and share of the population age 15-29) are from the Penn World Tables version 6.2 and from the UN Population Statistics. The data on income and employment are from OECD datasets and cover the whole period 1980-2007. Specifically, GDP and capital stock data are from the OECD Productivity dataset, and employment data are from the OECD-STAN dataset.
We also make use of the data on aggregate investment in the Penn World Tables (version 6 .2) to increase the coverage of the capital stock data. Using these data we compute total factor productivity as a Solow residual, assuming a CRS Cobb-Douglas production function with a labor share of 0.66 and using total employment and capital stock as the inputs into production.
11 Table 1 reports some summary statistics for the sample of destination countries: immigration rates, trade openness, and log changes for GDP per person, total GDP, population, employment, capital, and TFP. The upper panel covers the whole period and the lower panel is restricted to the sub-period (1998-2007) for which we have immigration data for a larger number of destination countries. Several observations are worth noting. First, there is a large difference in our measures of the degree of openness to trade and openness to foreign migrants. Traded goods account on average for 76 % of output. Assuming roughly equal imports and exports, about one third of the value of the goods consumed in a country originate from abroad. In contrast, new immigrants are on average only 0.62 % of the receiving country's population. In order to obtain regression coefficients that have roughly the same magnitude we use immigration rates in percentages and openness to trade in shares in our analysis (the standard deviation of both is around 0.5). Second, immigration rates, while small, are of the same magnitude as population growth rates (0.62 % and 0.51 %, respectively). Hence, in our sample immigration on average accounted for a large share of the total population growth in the receiving countries. Income per person grew on average by 2.2 % per year, with TFP growth accounting for about half of the increase. Increases in the employment-population ratio and capital deepening contributed in similar magnitudes to the remaining economic growth over this period.
Auxiliary Regressions
As described in Sect. 2, we use gravity Eqs. (4) and (5) to build predictions of immigration rates and trade openness by destination country that are based on geography and origin-country demographic data.
In our regressions we drop missing observations (usually in the early years of the sample) and we add one unit to the zero trade or zero immigrants observations within the sample and include them in the auxiliary regressions. This way, as we run regressions in logarithms, we do not lose the information contained in the zeroes. We estimate regressions (4) and (5) by OLS. We point out that we do not include 17 Note: Country-year observations covering 30 OECD countries. The immigration rate is defined as new immigrants over total population at the beginning of the year. The mean and standard deviations are unweighted and calculated across countries and years. The immigration rate is defined as the gross inflow of new immigrants over the total population in the country at the beginning of the year any time or fixed effect in order to make use of variation in trade openness and bilateral migration rates that arises purely from bilateral geographic variables (together with common language and colonial ties dummies) and partner-country demographics. We then calculate, for each destination and year, the overall predicted immigration rate and trade openness asτ it ¼ X j exp lnτ ijt À Á and Table 2 reports the OLS estimates of (4) and (5). Columns 1 and 2 display results for the bilateral immigration rate. The specification in column 1 is identical to the one used to predict bilateral trade openness in column 3. Column 2 includes the share of young in the sending countries in the prediction of immigration rates. The estimated coefficients are generally in line with those estimated in the literature. Our estimates in column 3 are comparable to those in Frankel and Romer (1999) and Frankel and Rose (2002) .
12 A few points are worth noting. First, both for immigration and trade flows, bilateral distance and the size of the origin country in terms of population are statistically and economically important. However, both variables have a stronger effect on the flows of goods than on the flows of persons. In contrast, common language plays a much larger role in determining migration than trade, consistent with language being key in facilitating skill transferability, and a more rapid economic and cultural assimilation of migrants. Likewise, the presence of a large and young country near the border (e.g. Mexico and the US) is a more important predictor of bilateral migration than of trade flows. Finally, colonial ties appear to affect trade more than migration. Traditionally many free trade agreements followed the lines of previous colonial empires.
The estimated coefficients in columns 1 and 3 imply substantial differences in the weights assigned to the regressors in our predictions of trade openness and immigration rates. Additionally, to strengthen identification of their separate roles, our main predictor for immigration rates (column 2) also includes the share of young (age 15-29) in the countries of origin, but we do not include it to explain trade openness. As emphasized in the immigration literature (Hatton and Williamson 1998; Hanson and McIntosh 2012; Clark et al. 2007) , this share of the population displays higher migration rates and there is no evidence indicating that the role of this young cohort in production (of internationally traded goods) is particularly large.
13 As expected, the share of young is highly significant (column 2) and increases the goodness of fit of the bilateral migration regression by about 10 %.
While one can add a whole set of additional variables and interactions in the gravity equations, our goal is to identify a minimal set of geographic factors and origin-country demographic factors that is likely to be uncorrelated with 12 Frankel and Rose (2002) estimate a similar specification for bilateral trade flows on a crosssection of data for year 1990. They find a coefficient of 0.82 for the log of the origin population, À1.43 for log distance, and 0.53 for the common language dummy (not included in Frankel and Romer 1999) . These estimates are also replicated in Cavallo and Frankel (2008) . 13 In fact its coefficient was not significant when entered in the trade regression.
unobserved determinants of income growth in the destination country. Additional explanatory variables, such as measures of economic size and performance of the partner countries, while surely increasing the goodness of fit of our predictors, would reduce the credibility of the exclusion restriction. Our identifying assumption is based on the idea that the location of a country, its language and colonial ties, and the demographic structure of its potential partner countries are not correlated with annual changes in income per person, employment-population ratio, capital intensity and total factor productivity of the country, except through bilateral trade and migration flows. While some large scale economic shocks (natural catastrophes, large recessions, financial crisis) can affect the economies of many countries simultaneously, unless they also affect the demography and the geography of the countries of origin they will not affect the validity of our instrument. Observations are defined by origin-destination country pairs by year. The immigration rate is defined as new immigrants over total population at the beginning of the year. In Regressions 1 and 2 the dependent variable is the natural logarithm of immigrants from country j to country i divided by the population of country i. In regression 3 it is the sum of export and imports between countries i and j divided by the GDP of country i. Share of young is the fraction of the population with age 15-29 years old. Standard errors are heteroskedasticity-robust and clustered by destination country. Method of estimation is OLS ***p < 0.01, **p < 0.05, *p < 0.1 14 Ortega and Peri (2009) included a set of origin-destination and origin-year fixed effects in their predictors. Obviously, their predictors accounted for a larger share of the variation in actual bilateral and migration flows. However, one should be concerned that these catch-all variables, albeit specific to the countries of origin, may also be absorbing variation that is correlated with economic outcomes at destination. In comparison, here we pursue a much more conservative Table 3 reports the results of a series of regressions aimed at examining the explanatory power of our predicted immigration rates and degree of trade openness. All these regressions are at the level of destination-country and year. The dependent variable in columns 1 and 2 is the immigration rate by destination. While in column 1 the main explanatory variable is the predicted immigration rate, column 2 also includes the predicted trade flows as a fraction of GDP. Columns 3 and 4 are The predicted values for immigration rates and trade/GDP are obtained adding the predictions of specification (2) and (3) of Table 2 across all trading or migration partner countries (j), respectively. The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. Each observation in the regressions is a destination country by year. Standard errors (in square brackets) are heteroskedasticity robust. All regressions include year dummies ***p < 0.01, **p < 0.05, *p < 0.1 approach by only including variables in our gravity predictors that are very likely to be uncorrelated with shocks to economic conditions in the destination countries.
Relevance of the Instruments
analogous but for the degree of trade openness in the destination country as dependent variable.
Let us start by examining the top panel. Our predictors are highly relevant. As seen in columns 1 and 2, a predicted immigration rate equal to one percent of the receiving-country's population is associated with an actual immigration rate of 0.35-0.36 % and the percentage of variance explained is over 50 %. Analogously, our predicted trade flows are highly relevant in explaining actual trade openness, with a coefficient ranging between 1.2 and 1.4 in columns 3 and 4. In this case, the explained variance rises over 75 %. In all cases we can strongly reject the null hypothesis of weak instruments, as evidenced by the high F statistics on the joint significance of the instruments. Importantly, both immigration rates and trade openness are essentially explained by their respective predictions. Adding predicted trade openness does not improve the F statistic for immigration and likewise when adding predicted immigration to the trade openness regression. In words, there is a differential impact of geography and origin-country demographics on the flows of goods and migrants. This is a very important pre-requisite to separately identify the causal effects of immigration and trade openness on income growth and its determinants.
The middle panel reports the results of specifications that include destinationcountry fixed effects. 15 Our predictors are still significant although standard errors increase substantially. As a result, the strength of the instruments is greatly reduced, particularly for trade openness. In column 3 we cannot reject the null of weak instruments and in column 4 predicted trade flows become non-significant. 16 This suggests that a large part of the power of our instruments for trade (and to a lesser extent for migration) flows is due to cross-sectional variation. This is reasonable given that geography is time-invariant and the demographics of the countries of origin move only slowly over time. Hence, while the instrument is successful in predicting trade openness variation across countries and years, its within-country performance is much weaker. Let us emphasize again that our specifications are in logarithmic changes and they already account for time-invariant destinationcountry factors that determine the levels of income per person, employment rates, capital per worker, and TFP. These factors account, to a large extent, for crosscountry differences in policies, institutions and initial income levels. Thus our regressions identify the impact of trade flows and migration flows on the changes in economic outcomes.
The bottom panel reports the first-stage regressions for the reduced sample period (1998-2007) for which we have observations for 30 OECD countries. The results are very similar to those in the top panel. It is worth noting in column 15 We note that the specifications in (3) are already in changes. Hence, unlike Frankel and Romer (1999) we are already accounting for time-invariant determinants of income per person. Likewise, Eqs. (4) and (5) predict flows of goods and people, as opposed to stocks. 16 Note that the standard errors are roughly ten times larger in the middle panel of column 3 compared to the top panel.
2 (bottom panel) that the predictor for immigration and for trade openness have opposite signs. This reinforces our conviction that the instruments are successful in separately identifying the roles of immigration and trade openness on income growth.
The Effects of Immigration and Trade on Income
We now turn to the central question of this paper. How do trade and immigration flows affect income growth and its components? Our main specification is Eq. (3) using, alternatively, as dependent variables log changes in income per person, in the employment-population ratio, in capital per worker, and in total factor productivity. The main explanatory variables are the degree of trade openness (τ it , the ratio of exports plus imports relative to GDP) and the immigration rate (m it , annual inflows of new immigrants relative to the total initial population). The main sample contains 30 OECD countries and spans (unbalanced) the period 1980-2007 at an annual frequency. Table 4 reports the OLS estimates of Eq. (3). The top panel (panel A) presents estimates for specifications where the key explanatory variable is, in turn, only the immigration rate, only trade openness, or both of these variables included together. Each column corresponds to a different dependent variable. We consider regression models featuring as main explanatory variable either solely the immigration rate, or solely the degree of trade openness. The latter is comparable to the specification in Frankel and Romer (1999) . But we also consider specifications jointly featuring the immigration rate and the degree of trade openness. Since in our data both variables are significantly correlated, the latter specification is preferred as it is less vulnerable to omitted variable bias.
OLS Estimates
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All specifications contain year dummies and a set of indicators accounting for each observation's source of immigration data. The latter account for potential discrete jumps in the immigration data across data sources. Obviously, these OLS estimates are subject to potential endogeneity bias both on account of immigrants' location choices and on the responsiveness of trade flows to unobserved income shocks. Clearly, these concerns are less severe for the estimates reported in panel B (bottom), which also include destination-country fixed effects. These effects absorb all time-invariant determinants of income growth, mitigating to some extent the previous source of bias.
Let us begin by examining the estimates of trade openness on the economic outcomes of interest. As shown in column 1, there is a significant positive association between trade openness and income growth. Moreover, this effect is qualitatively robust to including the immigration rate as a regressor and to including destination-country fixed effects. Note though that in the latter case (panel B) the standard errors increase by a factor of 5. Interestingly, the point estimate in our specification where trade openness is the only regressor (panel A, middle set of estimates) is very similar to that obtained by Frankel and Romer (1999) in a comparable specification, at 0.93 and 0.85, respectively. In addition, the estimates in columns 2 through 4 reveal positive associations between trade openness and Units of observations are OECD countries by year. The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. All specifications include year dummies. Regressions including the immigration rate in the right-hand-side also include immigration-data-source dummies. Standard errors (in brackets) are robust to heteroskedasticity ***p < 0.01, **p < 0.05, *p < 0.1 growth in employment rates and TFP, while a negative association with growth in capital intensity. We defer interpreting the pattern of estimates and discussing the magnitudes of the effects until Sect. 4.2.
Let us now turn to the role of immigration rates for income growth and its determinants. As seen in panel A (column 1), the immigration rate appears to be uncorrelated with the short-run growth of GDP per person. This is true both in the regression model featuring immigration solely and in the one containing trade openness as well, with and without destination-country fixed effects. That is, the lack of association between immigration and short-run income growth is a robust feature of the data. Interestingly, the results in columns 2 across all specifications reveal a robust positive association between immigration rates and log changes in the employment rate. Specifically, an inflow of immigrants equal to 1 % of the population is associated with an increase in the employment rate of 0.37 % (joint specification with fixed effects). The large increase in the employment rate reflects a large effect on total employment, together with a smaller effect on the total population.
18 Turning to column 3, there appears to be a non-zero association between immigration and changes in capital intensity. However, while in panel A the point estimate is negative in both cases, in panel B it is positive. As discussed earlier, the specification including destination-country fixed effects is more reliable since it requires weaker, though still restrictive, assumptions for consistent estimates. Based on the estimates in column 5, we do not find any significant association between immigration rates and TFP growth. Of course, all of these need not be causal effects. It is entirely possible that immigrants choose to move to countries where income, employment rates, capital intensities and TFP are growing for unobserved reasons. In this case, we would expect the estimates reported in Table 4 to be upwardly biased. The instrumental-variables estimates in Sect. 4.2 will address this issue.
Two-Stage Least-Squares Estimates
The biggest limitation of the OLS estimates in Table 4 is that they are subject to endogeneity bias, arising both from immigration and trade openness potentially being affected by unobserved determinants of income growth. To address these issues we adopt an instrumental-variables approach, in which we use our gravitybased predictions for immigration and trade openness as instruments. Table 5 reports the results of the 2SLS estimation. Panel A (top) reports estimates for specifications containing year dummies and immigration-data-source dummies. The specifications in panel B (bottom) additionally include destination-continent fixed effects. 19 This set of dummy variables absorbs unobserved determinants of income growth that remain constant over time during our sample period, such as international treaties facilitating trade and migration among neighboring countries. However, the instruments are somewhat weaker, which lead to less precise estimates. As before, our most preferred specifications are the ones that jointly include the immigration rate and trade openness as explanatory variables.
Let us begin by examining the estimates of the regression models that include either the immigration rate or trade openness in the right-hand side (the top two regressions in panel A). First of all, we note that the coefficient on trade openness is Units of observations are OECD countries by year. The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. All specifications include year dummies. Regressions including the immigration rate in the right-hand-side also include immigration-data-source dummies. Standard errors (in brackets) are robust to heteroskedasticity ***p < 0.01, **p < 0.05, *p < 0.1 0.73, statistically different from zero. The preferred 2SLS estimate in Frankel and Romer (1999) is 1.99, with an associated standard error of approximately 1. Noguer and Siscart (2005) estimate a specification identical to Frankel and Romer (1999) but using better data. 20 Their preferred estimate is around 1 (with a standard error ranging between 0.28 and 0.45), which is very close to our point estimate. Hence, our results are highly consistent with previous studies estimating the effect of trade on income.
Secondly, scrolling across columns it is striking that immigration and trade appear to have very similar effects: they increase income per person and employment rates, yet reduce capital per worker. While this may certainly be the case, this result may also be driven by an omitted variable problem arising from a strong positive correlation between openness to trade and to immigration. To address this concern we now turn to our preferred specification, where the right-hand-side features both the immigration rate and trade openness. Interestingly, the qualitative pattern of our estimated effects changes substantially, strongly suggesting an omitted variables problem in regression models that fail to include either openness to trade or openness to immigration.
Regarding the effects of trade openness, we now find only marginally significant positive coefficients (third regression in panel A). When continent fixed-effects are included (panel B) the point estimate increases moderately (from 0.6 to 0.9) but so does the standard error so that we can not reject the null of a zero coefficient. Interestingly, this was also the case in Frankel and Romer (1999) . When they introduced continent dummies their point estimate was around one and not statistically different from zero. Furthermore, our estimates suggest that trade openness leads to TFP growth but that effect is offset by a reduction in the economy's aggregate capital intensity. Our interpretation is that increases in trade openness for OECD countries may stimulate the reallocation of labor towards more knowledge-intensive sectors, raising the efficiency and overall factor productivity of the economy as a whole.
Let us now turn to the effects of immigration. The estimates in panel A (third regression) and panel B suggest that it has no effect on income per person in the short run (column 1). In contrast, immigration has a large, positive effect on the employment rate of the receiving economy, without significantly affecting capital intensity. Finally, immigration is associated with lower TFP-our estimates suggest that an immigration inflow equal to 1 % of the population in the receiving country leads to a 1 % increase in the employment rate and to an equally-sized reduction in TFP. . This data contain 8,096 bilateral observations. In comparison, Frankel and Romer (1999) use bilateral trade data from the IFS Direction of Trade Statistics, 1997 release, containing only 3,220 observations and relying heavily on imputation. We use the more recent 2007 release of IFS statistics that contains many more observations especially for the period 1998-2007. 21 When destination-country fixed effects are included (not shown but available upon request) the standard errors grow by one order of magnitude. As a result the point estimates become virtually uninformative. We remind the reader that our main specifications are in log-changes and, therefore, time-invariant determinants of income per person will not affect the consistency of our 2SLS estimation.
These estimates of the short-run effects of immigration suggest that immigration triggers a capital inflow that keeps the capital-labor ratio essentially unchanged.
Robustness
Balanced Panels
One concern is that the data are noisier for the earlier years in our sample period, since the quality of the immigration data is somewhat lower for those years. Indeed we had to rely more heavily on imputation and combine more sources of immigration data for that period than for more recent years. Another concern is data are better and more consistent for some countries (those with a longer history of immigration and more developed) than others. On one hand an important robustness check is to repeat the analysis using only the period 1998-2007, for which we have a panel covering the 30 OECD countries and our bilateral migration data is from a single data source (the OECD International Migration Data). On the other, the larger sample of countries implies that for some of them the bilateral migration data are not very complete (some countries only report few sending countries and possibly only some years). Hence, we will also construct a panel of fewer countries (the 14 for which we have uninterrupted data 1980-2007 plus France, Great Britain, Switzerland and Luxembourg whose data begin in the early eighties), but with an almost balanced and full time series in each. Table 6 reports OLS and 2SLS estimates for the period 1998-2007, with and without continent dummies. The results strongly confirm our previous findings. Immigration has no short-run effects on income per person. That is to say, it increases GDP in the short run by the same percentage amount as it increases the population. Moreover, immigration has a large positive effect on the employment rate, which is offset by a negative TFP effect of the same magnitude. The pattern for the effects of trade is also the same as in Table 5 : a negative effect on capital intensity but an offsetting positive effect on TFP (columns 3 and 4, panels B and C). It is worth noting that the standard errors that we obtain in the smaller sample are comparable, and sometimes smaller, than those in Table 5 for the whole sample. This is partly due to the better quality data and partly by the fact that our shorter but wider panel relies more on cross-sectional variation. Table 7 reports OLS and 2SLS estimates for the longer (almost) balanced panel of 18 countries, 1980-2007, with and without continent dummies. The results are also in line with the previous findings. In particular, focusing on the 2SLS estimates, we note that immigration has no short-run effects on income per person. It increases GDP in the short run by the same percentage amount as it increases the population. Moreover, immigration has a large positive and significant effect on the employment rate. This effect is offset by a negative TFP effect of similar magnitude (but not statistically significant). The longer panel shows that the estimated short-run effects of trade are rather fragile while the positive effect of immigrants on employment rate and the zero effect of immigration on income per capita are somewhat more robust.
Net Immigration Flows
A criticism that applies to our previous estimates and to many aggregate studies attempting to estimate the effects of immigration on income is that they use gross inflows as a proxy for net inflows. This is a data limitation arising from the fact that, in most countries, foreigners settling in the country have an obligation to register their arrival. However, those leaving the country often do not have the obligation and simply do not report their departure. As a result, the governments of the [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. All specifications include year dummies. Regressions including the immigration rate in the right-hand-side also include immigration-data-source dummies. Standard errors (in brackets) are robust to heteroskedasticity ***p < 0.01, **p < 0.05, *p < 0.1 immigration countries lack accurate data on immigrant outflows. Only data obtained from detailed censuses of residents and not those compiled annually by population registries, can measure net immigration.
Exceptionally, a few studies have used special data to report high re-migration (return) rates of immigrants in the UK (Dustmann and Weiss 2007) and in the US (Lalonde and Topel 1993) but it remains hard to obtain comprehensive data for a large number of countries. The IMD data produced by the OECD partially addresses this issue since it contains data both on gross inflows and outflows for the period 1998-2007 by country of origin. These estimates are based on cancellations of immigrants from local registers and from estimates of the change in the stock of immigrants between two points in time. Using these data we construct the yearly net immigration rates (inflow minus outflow of foreign individuals by country of origin). While surely not perfect, due to the under-registration of the departing migrants, these data go at least part of the way in constructing the ideal variable that should be used to estimate the effects of immigration on the economic outcomes of the receiving country. . The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. Each specification includes year dummies and immigration-data-source dummies. Standard errors are heteroskedasticity-robust ***p < 0.01, **p < 0.05, *p < 0.1 Table 8 reports OLS and 2SLS estimates of our models using our measure of net immigration (relative to population). We report the estimates only for our most preferred specification featuring both immigration and trade openness as regressors and continent dummies. Three points are worth emphasizing. First, the net immigration rates are also predicted rather well by the gravity instrument.
22 Second, the pattern of the 2SLS estimates on the effects of immigration is largely consistent with our previous findings (columns 1 and 2, panels B and C). Immigration has no effect on income per person in the short run. It increases the employment rate but it reduces TFP by a similar amount. The results on trade openness are roughly similar to our earlier findings. [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. Each specification includes year dummies and immigration-data-source dummies. Standard errors are heteroskedasticity-robust ***p < 0.01, **p < 0.05, *p < 0.1
Longer Time Intervals
So far our results represent short-run effects, in the sense that our dependent variables were annual log changes. One may have several concerns regarding this relatively high frequency. First, it may take some time until the effects of immigration on economic outcomes become measurable. Moreover, there may be a complicated pattern of auto-correlation in the error terms. In order to address these concerns we re-estimate our models using longer differences and, more specifically, 4-year periods. While this is not yet a long time-difference that would allow us to identify the long-run effects, it does ameliorate the previous concerns. Table 9 reports the estimates of the models with the longer time differences. The top panel reports OLS estimates and the middle and bottom panels report 2SLS estimates, with and without continent dummies. Again, the main pattern observed earlier regarding the effects of immigration survives this robustness check. Immigration does not affect income per person. Moreover, the employment rate increases with approximately a unit elasticity and TFP falls by a similar magnitude. Our estimates for the effects of trade openness are less precise than in our main set of estimates. Standard errors here are about ten times larger than in Table 5 . 23 Even though the signs of the point estimates are the same as those in Table 5 we cannot reject the null hypothesis of zero effects of trade openness in any of the columns in panel C.
Limitations of the Instrumental-Variables Strategy
We next discuss two limitations of our approach. First, we wish to examine to what extent our results depend on the specific set of destination countries (OECD) included in our analysis. We note that these countries are relatively homogeneous in a number of dimensions, implying an important challenge for our pseudo-gravity predictors for immigration and trade flows arising from the limited cross-sectional variation in geography and demographics of the origin countries. To evaluate these issues we have conducted our analysis omitting a number of countries and we have found that omitting Luxembourg, a country with large actual and predicted trade flows and immigration rates weakens the results by significantly reducing the predictive power of our instruments, both in the case of immigration and trade openness. Table 12 in the Appendix shows that the OLS estimates still exhibit a significant effect of immigration on the employment rate and of trade openness on income per person. However, in our 2SLS estimates those effects are no longer significant (they maintain however the sign of those in Table 5 ). This sensitivity of the gravity-based instruments to the omission of Luxembourg from the sample was also noted by Frankel and Romer (1999) who argued in favor of keeping Luxembourg in the sample in order to take advantage of the identification power deriving from it.
A second interesting issue is whether the employment and productivity effects of immigration and trade depend on the fact that a large part of those flows are with other OECD countries. In this respect we conduct our analysis using only the bilateral trade and migration flows between OECD destinations and non-OECD origins. Table 13 in the appendix reports the resulting estimates. Clearly, standard errors are much larger now than for our main set of estimates (Table 5 ). The reason is that a large part of the strength of our instrument comes from the predicted (trade and immigration) flows among OECD countries. 24 At any rate, the 2SLS estimates still reveal no significant effects of immigration rates on income per person and a 1982-1986, 1986-1990,. . ., 2002-2006 ***p < 0.01, **p < 0.05, *p < 0.1 positive effect on the employment rate that is offset by a negative effect on TFP. Likewise, we find a marginally significant positive effect of trade openness on GDP per person. However the estimates of trade effects become too unstable to be taken seriously. In conclusion, it is mainly OECD-OECD trade flows and that play a large role in delivering a strong set of instruments. 25 However the direction of the effects of trade and migration is similar, with migration stimulating employment rates and trade stimulating TFP growth.
Conclusions
This paper asks a central question in international economics: how do international flows of people and goods affect economic performance? There are many competing theories that address these questions, differing in their emphasis on the roles of factor differences, technology, product variety, and so on. All these theories have predictions regarding the effects of international trade and migration on income per person and its determinants. Nevertheless, there are practically no cross-country studies providing joint estimates of the effects of trade and migration on income per person and, more specifically, on employment rates, capital intensity and total factor productivity. One reason for this has been the lack of adequate international migration data.
Since the pioneering work of Frankel and Romer (1999) , several authors have empirically analyzed the effect of international trade on income per person (e.g. Rodriguez and Rodrik 2001; Frankel and Rose 2002; Cavallo and Frankel 2008; Noguer and Siscart 2005) . They have mostly focused on the long run and on level effects. Moreover, by ignoring the role of international migration flows, those studies suffer an important limitation. Many of the determinants of trade flows, particularly relative geography, are also well known to determine migration flows. As a result, it is hard to know whether the existing estimates of the effects of international trade on income in those studies are the result of a spurious correlation mediated by migration flows.
In this paper we have assembled a large country-level dataset and estimated a series of demanding econometric specifications. Our results do not provide clear evidence of a short-run effect of trade or migration on income per capita. However, the decomposition we carry out shows that there are opposing effects at play. In the case of trade openness, we find that it leads to an increase in TFP but also to an offsetting reduction in the country's aggregate capital intensity. Our interpretation 25 The F statistics associated to the first-stage regressions in this restricted sample are substantially lower than in the main sample. Specifically, it is 33 for the predicted immigration rate and below 9 for the predicted trade openness.
is that trade openness both improves the allocation of resources within industries (as emphasized by Melitz 2003) and increases the degree of specialization of OECD countries in industries with lower capital intensity, but perhaps high knowledge intensity.
In the case of immigration, we find that there is a large and positive effect on the employment rate of the receiving country. However, at the same time, the country's TFP level is reduced, and both effects roughly compensate each other. In our view this finding is in line with the conclusions of the recent immigration literature. Immigration increases the host country's employment rate in two ways. First, it is possible that because of their demographic characteristics the newly arrived immigrants display higher employment rates than natives. but, in addition, the inflow of immigrants may also be increasing the demand for native labor, as emphasized by Manacorda et al. (2012) , Ottaviano et al. (2013) , Chassamboulli and Palivos (2010) . It is also possible that the new inflows of workers may have shifted the incentives for household production among natives, resulting in an increase in the labor supply of (female) natives, as argued by Cortés and Tessada (2011) in the context of the US, and by Farré et al. (2011) in Europe. Some of the newly created jobs may be located in the service sector (restaurants, household services, child and elderly care, and so on), which tends to have lower productivity (levels and growth) than some other sectors. It is also possible that the average education level of immigrants may be below that of natives, or that the newly arrived immigrants are underemployed or suffer skill downgrading for some time, as noted by Dustmann et al. (2013) . All these reasons can account for the negative short-run effect on TFP.
This paper is one of the very first attempts at exploiting the year-to-year, variation in immigration and trade flows to estimate their impact on average income in a panel of countries. While we believe we have obtained some interesting results, our findings are inconclusive regarding some relationships of interest. Future research should explore these relationships further. As more data becomes available and longer periods of time can be explored, the effects of trade and migration should become sharper. Ortega and Peri (2009) . The immigration rate is the ratio of new immigrants to the total population at the beginning of the year. Each specification includes year fixed effects and we use the imputed trade and immigration as instruments. Standard errors are heteroskedasticity-robust ***p < 0.01, **p < 0.05, *p < 0.1 
